Introduction
Generally, it is known that the spleen accompanied by abnormal abdomen is hypertrophied [1] - [7] . However, in some cases, patients with abnormal abdomen don't show hypertrophy of the spleen [8] . On the contrary, even the size of the person's spleen with a normal abdomen may be large by nature and not abnormally hypertrophied. Therefore, measuring size of the spleen is not a reliable method, and thus it is difficult to make a correct diagnosis by only considering the spleen's size. For this reason, based on their own standards, radiologists make a final diagnosis of whether the spleen is normal or abnormal by examining the pattern and shape of the spleen and the size of the spleen at the same time.
It is known that the spleen accompanied by liver cirrhosis is hypertrophied or enlarged. We have examined a wave pattern at the left boundary of spleen on the abdominal CT images of patients with liver cirrhosis, and found that they are different from those on the images of a normal liver. It is noticed that the abdominal CT images of patient with liver cirrhosis shows strong bending in the wave pattern. In the case of normal liver, the images may also have a wave pattern, but its bends are not strong.
Therefore, the total waving area of the spleen with liver cirrhosis is found to be greater than that of the spleen with a normal liver. Moreover, we found that the waves of the spleen from the image with liver cirrhosis have the higher degree of circularity compared to the normal liver case. Based on the two observations above, we propose an automatic method to diagnose splenic enlargement by using the wave pattern of the spleen in abdominal CT images. The proposed automatic method improves the diagnostic performance compared with the conventional process based on the size of spleen. Figure 1 shows various CT images for abnormal and normal cases. By examining many cases, we found that the left boundary of the spleen, which is accompanied by liver cirrhosis is hypertrophied, has a distinctive wave pattern. Based on this observation, the automatic diagnostic procedure is proposed as shown in Fig. 2 . In the figure, the first pre-processing step performs the image equalization and the background and muscle removal from abdominal CT images. Then, the spleen is segmented as shown in Fig. 3 and extracted as shown in Fig. 4 . After the segmentation, the splenic enlargement is detected by using the following two measures, namely, the sum of wave areas and the degree of circularity.
Methods

Segmentation of the Spleen
Since the person's spleen with a abnormal abdomen does not have regular and narrowly ranged gray values, this study sets up a standard of the expected gray value of the spleen with the average of sample pixels in the ROI (Region of Interest) of the spleen as Fig. 3 (a) . Center point M of ROI (40 × 40) is roughly selected as the center of the target spleen by the user. At this time, maximum value is taken by adding preselected gray value to the standard gray value and minimum value by subtracting preselected gray value from it. The standard range means the range between maximum value and minimum value. With the standard range, we measure the gray value of the pixels from M to 360 degree angle lines as Fig. 3 (b) . If the gray value of pixels are in the standard range, we choose them as a part of the target spleen.
Sum of Wave Area
We represent this measure as the number of pixels, by extracting wave areas from the segmented spleen so that we may compare it for diagnosis with the threshold value obtained in advance. To extract wave areas, we first draw a line from the top-middle point of the spleen, S, to vertex K of the first wave. Here, the wave vertex K can be obtained by determining the line which starts from point S and is tangential to the spleen boundary (see Fig. 5 (a) ). Once vertex K of the first wave is determined as Fig. 5 (b) , we can define and measure area A of the first wave. After getting area A, the area of the second wave, B, is to be calculated. To calculate this, we need to set vertex K of the first wave to the new starting point S of the second wave and repeat the procedure mentioned above. For next waves if any, this procedure is repeated.
Degree of Circularity
For an area obtained for the pervious measure, we may define the degree of circularity. Assuming a hypothetical circle which inscribes area A and has a diameter decided by straight line SK as shown in Fig. 6 (a) , we define the degree of circularity of area A as the ratio of area A to a half of the circle area. For next areas, the degree of circularity is obtained in the same way as shown in Fig. 6 (b) . These values are used with the sum of wave areas to judge whether the liver is normal.
In this study we test only 3 slice images out of 17 slice images of a case. That's because about 3 to 4 slice images show a distinct wave pattern. By using these two measures, we establish the method to differentiate the images with liver cirrhosis from those with a normal liver. If the total sum of wave areas of the spleen is more than 1000 pixels and the average circularity of waves is more than 20%, this case corresponds to liver cirrhosis. And if the average circularity of waves is more than 35% for the area sum of 700 to 1000 pixels, the case still corresponds to liver cirrhosis. Otherwise, the case is the normal liver. Here, the used threshold values are determined by examining abdominal CT images of 32 cases: 16 cases with normal livers and 16 cases judged liver cirrhosis.
Experimental Results
For experiment, we use the abdominal CT images of 32 cases, which are not used in determining the threshold values. The data consist of 16 cases with normal livers and 16 cases judged liver cirrhosis. Each case consists of 17 slice images, and the resolution of each slice is 512×512. Table 1 shows the diagnostic results for the 16 liver cirrhosis cases and 16 normal liver cases by using the conventional and proposed methods. It can be notice in the table that it is possible to judge the splenic enlargement accompanied by liver cirrhosis by applying the proposed automatic method for abdominal CT images. 
Conclusions
We propose an effective and automatic method to diagnose and detect the splenic enlargement due to abdomen abnor- mality. An automatic method is proposed to detect splenic enlargement by using the wave pattern of the spleen in abdominal CT images. This method is based on the fact that the abnormal abdomen produces a distinctive wave pattern on the splenic boundary, even though the spleen size is in the normal range. Instead of examining the spleen size as in the conventional method, the proposed method tests the wave pattern to judge whether the abdomen has splenic enlargement.
